The novel oxidoreductase KDRF (KM-102-derived reductase-like factor) is identical with human thioredoxin reductase
The pyridine nucleotide-disulphide oxidoreductase family comprises an important group of enzymes which catalyse electron transfer between NAD(P)(H) and a disulphide\dithiol. They are homodimeric enzymes having a redox-active disulphide and FAD. Well characterized members of this family are lipoamide dehydrogenase, glutathione reductase and thioredoxin reductase [1] . All these reductases display a high degree of amino acid sequence similarity which extends to all domains, namely the FAD-binding domain, the pyridine dinucleotide-binding domain and the active-site domain.
Recently, Koishi and co-workers [2] reported the cDNA sequence of a novel mammalian oxidoreductase which codes for a protein KDRF (KM-102 derived reductase-like factor) with $ 40 % sequence similarity to human glutathione reductase. After comparison of the KDRF cDNA sequence with other oxidoreductases, we have found that it is practically identical at both the protein and nucleotide level with the previously described human thioredoxin reductase (hTR ; accession number S79851) [3, 4] as shown in Figure 1 (a) at the protein level only.
Figure 1 (a) Comparison of the amino acid sequence of KDRF and hTR, (b) nucleotide sequence of the C-terminal region of KDRF/hTR and (c) predicted structure of the SECIS element at the 3h-untranslated region of KDRF/hTR
(a)The residues that differ are emboldened and underlined. (b) The TGA encoding the Secys residue is shown in bold. The sequence of a putative SECIS element is underlined. (c) Secondary structure was predicted using the algorithm described by Walter et al. [10] and manual folding. In bold are shown the nucleotides which match the consensus [9] .
There are two ATG start codons in the cDNA of KDRF and hTR. The longest open reading frame (ORF) codes for a protein of 549 amino acids (KDRF) and the shortest one codes for a protein of 497 amino acids (hTR). Koishi and co-workers [2] chose the first ATG as the translation start site (longest ORF) on the basis of amino acid sequences obtained from protein purified from COS-1 cells transfected with a KDRF expression plasmid. Gadaska and co-workers [3] selected the second ATG as translational start site (shortest ORF) on the basis of the N-terminal sequence of the human thioredoxin reductase purified from human placenta. The 53-amino-acid extension in KDRF does not contain any mitochondrial or nuclear localization signals. Thus the difference of 53 amino acids between KDRF and hTR is in question, and probably due to selection of different translational start sites.
There are only three base differences in the reported KDRF cDNA coding sequence with respect to that of hTR, and they originate three amino acid changes in hTR. (1) a G A base transition in the codon for the amino acid Glu"! in KDRF, which is a Lys in hTR, (2) an A T base transversion in the codon for Arg#!) in KDRF originating the Ser"&' in hTR, (3) an A G base transition in the codon for Asp#'( in KDRF originating the Gly#"& in hTR. Furthermore, both the 5h-and 3h-untranslated regions of the two genes are identical.
Recently, hTR was reported to be a selenoprotein [5] . Translation of UGA as selenocysteine (Secys) requires the presence of an RNA stem-loop structure, the selenocysteine insertion sequences (SECIS). In bacteria these sequences are adjacent to the UGA Secys codon [6] . In contrast, in eukaryotes, SECIS elements are found in the 3h-untranslated region of the selenoprotein mRNAs [7] . In hTR the selenocysteine is present in the position corresponding to TGA previously thought to be the termination codon. Thus the hTR contains two more amino acids, Secys%*' and Gly%*( [5] (Figure 1b) .
Koishi et al. [2] expressed KDRF in Escherichia coli as a fusion protein with maltose-binding protein. The fusion protein, pMAL-K, showed reducing activity with 5,5h-dithiobis-(2-nitrobenzoic acid) (DTNB). However, this reducing activity was only approx. 2 % of the reducing activity of purified mammalian TR with DTNB obtained under similar assay conditions [4, 8] . The vector used for the expression of the fusion protein pMAL-K did not contain any prokaryotic SECIS element for SeCys incorporation during expression in E.coli. Thus in the fusion protein pMAL-K the UGA was probably translated as stop and the protein did not contain the last two amino acids, Secys&&! and Gly&&". The Secys residue seems to be important for enzyme activity, since hTR overexpressed in E. coli was not able to reduce the interchain disulphide bridges of insulin in the presence of thioredoxin and NADPH [3] . Thus the low reducing activity of recombinant KDRF is probably due to the absence of Secys&&!.
The SECIS element necessary for Secys incorporation into hTR has not yet been described. Here we also report using the model for the Form II SECIS element [9] the identification in the 3h-untranslated nucleotide sequence of KDRF\hTR of a putative SECIS element including the AUGA sequence in the 5h arm and the GA in the 3h arm of the stem. (Figures 1b and 1c) .
